The bacterial communities in floodwater, from a rice-planted and an unplanted field were characterized at the beginning (flooding stage) and at the end (harvest stage) of the rice cropping cycle. Most probable number estimations and plate counts of aerobic and anaerobic heterotrophic bacteria and of several metabolic bacterial groups (methanogens, sulfate-reducers, anaerobic sulfur and nonsulfur phototrophs, denitrifiers and ammonifiers) were similar in rice and unplanted floodwater at both sampling times. The analysis of denitrifiers and methanogens by fluorescent in situ hybridization revealed a shift in the phylogenetic affiliation only of the former group in the rice-planted floodwater. Terminal restriction fragment length polymorphism of 16S rRNA gene amplicons indicated that the bacterial communities of the rice-planted and unplanted soils were consistently diverse and strongly influenced by the season.
INTRODUCTION
Rice is an important crop with 75 percent of the world production managed as irrigated rice. Freshwater is a major component of this agricultural activity. A high percentage of rice-planted fields in Uruguay were formerly wetlands that represented a considerable reserve of biodiversity. Floodwater harbors part of this diversity and constitutes a habitat that sustains essential biochemical process for the cropping.
Microbial communities contribute to the sustainability of the crop by regulating the bio-geochemical cycles and supplying plant nutrients. Anaerobic conditions, caused by microbial respiration and accumulation of free hydrogen sulfide and short-chain fatty acids generated by sulfatereducing and fermentative bacteria respectively, reduce nutrient uptake by paddy rice (37) . Agricultural practices like soil amendments, irrigation, or tillage produce different bacterial communities (4, 5, 6) indicating that microbial communities are impacted by soil disturbance. Most studies on microbial communities in rice cropping are focused on bulk soil populations developed in experimentally defined laboratory microcosms (7, 13, 16, 21) . Although floodwater and its interface with soil play a relevant role in plant nutrition and are rather impacted by the cropping, i.e., gas exchange with the atmosphere and fertilization, microbial communities from this habitat have been studied only in long-term fertilized layer soil, rice roots or percolating water) of the Japanese paddy field ecosystem.
The analysis of bacterial communities by culturing methods -although valuable to characterize metabolic activities of their members-allows the characterization of only 1 to 3% of the microscopically-detectable cells in soils (2) . Molecular methods are an indispensable tool to provide a more comprehensive description of the community structure. In this work, the floodwater community structure of planted and unplanted rice fields was analyzed at flooding and at rice harvesting stage by culturing and molecular methods to investigate the effect of rice cropping in the floodwater biodiversity.
MATERIALS AND METHODS

Site description and sampling
Rice is produced in Uruguay in a temperate climate (mean 
Physicochemical parameters of the floodwater
The pH and dissolved oxygen were measured "in situ" by appropriate electrodes in the upper and lower floodwater layers for each sampling site. The chemical composition of composite samples was analyzed as follows, nitrate and nitrite by HPLC (11), volatile fatty acids by HPLC (27) and organic matter as the volatile fraction (determined after heating at 550°C for one hour) expressed as the percentage of the dry weight.
Microbial counts
For viable heterotrophic aerobic bacterial counts, dilution series were prepared in sterile saline (0.9% NaCl) and plated onto Plate Count Agar (Difco). For anaerobic heterotrophic bacterial counts, dilution series were prepared in anaerobic basal BCYT medium (27) , plated in PY agar (36) supplemented with 20 mM glucose and incubated in an anaerobic chamber. Metabolic groups of bacteria were counted by the three-tubes most probable number (MPN) method.
Methanogenic bacteria were enumerated in anaerobic BCYT supplemented with 20 mM potassium acetate and 140 kPa of H 2 /CO 2 and dispensed in serum bottles (120 ml). Methane production was measured as previously described (37) . Sulfatereducing bacteria were counted as previously reported (12) , whereas counts of denitrifying and ammonifying bacteria were performed according to Guynot et al. (14) . Enumeration of anoxygenic photosynthetic bacteria was performed in medium containing 0.6 g/l of NaCl, 0.37 g/l of KCl, 0.33 g/l of (NH 4 ) 2 SO 4 , 0.4 g/l of KH 2 PO 4 , 1.2 g/l of K 2 HPO 4 , 0.5 g/l of yeast extract, 10 ml/l of minerals trace solution (27) , 5 mM of sodium malate, 5 mM of sodium succinate and 5 mM of sodium acetate. The medium was anaerobically prepared as the BCYT medium (27) under N 2 :CO 2 atmosphere (70:30, v/v); KHCO 3 (3.6 g/l) was added and the pH was adjusted to 7.0.
The medium (10 ml) was anaerobically dispensed into Hungate tubes and sealed with butyl-rubber stoppers. After sterilization, Bacterial community in water surface layer vitamins (27) , and salts were added from sterile concentrated stock solutions to reach final concentrations of 0.5 mM CaCl 2 and 1.1 mM MgCl 2 . The medium was supplemented with 0.1 mM Na 2 S or 1.0 mM Na 2 S and 0.1 mg/l B 12 vitamin for nonsulfur and sulfur bacteria, respectively. After anaerobic incubation under a 25-W tungsten lamp, positive tubes turned purple, red, or brown. Pigments were analyzed spectrophotometrically as previously described (20) . All incubations were performed at 30°C for two weeks except for methanogens that were incubated for five weeks.
The significance of the difference between two estimated population sizes counted by MPN was tested as previously described (8) . Two population sizes were considered significantly different if there was no overlap in the values for the 95% confidence limits.
To determine total direct microscopic counts, samples were concentrated by centrifugation (5000 X g, 10 min), resuspended in PBS (130 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2), fixed in 3% paraformaldehyde at 4°C for 2 h and stained with 100 mg/l acridine orange (final concentration) as described elsewhere (18) .
FISH analysis of MPN cultures
The most abundant methanogens and denitrifiers were analyzed by FISH (fluorescence in situ hybridization). To reduce the relative proportion of putative scavengers, the last three positive tubes of MPN counts were sub-cultured in the respective medium and methane production or nitrate consumption were confirmed. Aliquots of each tube were centrifuged (5000 X g, 10 min), the pellet resuspended in PBS Terminal restriction fragment (T-RF) sizes between 50 and 381 bp with peak heights larger than 100 and 50 (for HaeIII and HhaI, respectively) fluorescence units were considered for the analysis to obtain reproducible T-RF profiles (29) . All profiles were aligned considering as identical the T-RFs that differed by less than 1.5 bp. DNA quantity analyzed for each of the four samples was compared and standardized to the lowest quantity as previously described (10) . The data of relative abundance of each fragment were utilized to calculate the Shannon-Weaver diversity index (34) and to perform the cluster analysis with the Morisita similarity index using the Past 1.42 software (http://folk.uio.no/ohammer/past/).
RESULTS AND DISCUSSION
Physicochemical parameters of the floodwater
At the harvest stage, organic matter was 0.099 and 0.152 g (g dry wt sediment) -1 in unplanted and rice fields, respectively.
Very low levels of nitrate and nitrite (< 1 mg l -1 ) were verified in all the samples. Volatile fatty acids were detected only at the harvest stage in the rice floodwater (9 mg lactate l -1 and 6 mg acetate l -1 ).
The pH and dissolved oxygen measurements indicate that each of the four floodwaters constituted homogeneous environments according to the standard deviations observed for the five sampling points (Table 1) Table 2 ).
The fraction of culturable microorganisms was higher in the unplanted field representing 57% of the total counts, whereas in rice floodwater only 4% of the total counts were recovered as aerobic heterotrophic bacteria. Table 2 shows that specific groups of anaerobic and facultative anaerobic bacteria involved in carbon, nitrogen and sulfur cycles were quantitatively similar in both fields since the confidence intervals of MPN counts overlapped. These results indicate that the abundance of bacteria involved in nutrients recycling was not strongly impacted by rice cropping and suggest that rice and natural flooded fields sustain comparable conditions for the biological transformation of carbon, nitrogen and sulfur. 
Anaerobic phototrophic nonsulfur bacteria (APNB)
showed the highest numbers among the specific groups of bacteria counted in both sites at harvest. Their persistence or predominance is likely due to their ability to grow phototrophically in anaerobic conditions, such as those observed in both floodwaters at harvest. The activity of APNB may be relevant for crop productivity since most of these bacteria have the ability to fix nitrogen (24) . In addition, the outcompetition of APNB over methanogens for substrates like acetate (15) can contribute to the rice cropping sustainability by reducing methane emissions.
Molecular analysis of MPN cultures
The phylogenetic affiliation of the dominant culturable (Table 3) .
Although with HhaI the number of fragments was lower (between 8 and 10), a similar trend was observed: two T-RFs were common to all samples and 55% were unique (data not shown). These results indicate that uncultivable bacteria contributed to differentiate these communities.
The Shannon-Weaver indices were similar in the four samples (Table 3 The cluster analysis based on T-RFLP profiles showed that season strongly influenced the bacterial community (Fig.   1 ). The higher similarities were observed between communities from different sites at the same season. Kimura et al. (19) reported that in Japanese paddy fields fertilizer application affected the structure of the community more than the season.
On the contrary, we observed that communities from planted (fertilized) and unplanted (non fertilized) sites were more similar. This similarity among pristine and rice-planted bacterial communities is probably due to the soil management applied in our country, where the alternate rice-pasture cycle may have lower impact on the diversity than the long-term fertilization in Japanese fields.
The dual approach used in this work shows that floodwater from a rice-planted field sustains a quite diverse and active bacterial community with most of the main metabolic groups represented. Although some members of the community changed, the diversity and community structure of rice-planted floodwater were similar to those of the unplanted field. 
